Kaempferol, also known as kaempferol-3 or kaempferide, is a flavonoid compound that naturally occurs in tea, as well as numerous common vegetables and fruits, including beans, broccoli, cabbage, gooseberries, grapes, kale, strawberries, tomatoes, citrus fruits, brussel sprouts, apples and grapefruit. The present review mainly summarizes the application of kaempferol in treating diseases and the underlying mechanisms that are currently being studied. Due to its anti-inflammatory properties, it may be used to treat numerous acute and chronic inflammation-induced diseases, including intervertebral disc degeneration and colitis, as well as post-menopausal bone loss and acute lung injury. In addition, it has beneficial effects against cancer, liver injury, obesity and diabetes, inhibits vascular endothelial inflammation, protects the cranial nerve and heart function, and may be used for treating fibroproliferative disorders, including hypertrophic scar.
Introduction
Kaempferol (KP; chemical name, 3,5,7-trihydroxy-2-(4-hydroxyphenyl)-4H-1-benzopyran-4-one; also known as kaempferol-3, kaempferide or kaempferol flavonol) is a type of flavonoid. KP has a molecular weight of 286. 23 and is a pure yellow crystalline powder with a melting point of 276-278˚C. It is soluble in hot ethanol, ether alkaline, and slightly soluble in water. KP has hydrophobic properties due to its diphenylpropane structure.
The biosynthesis of KP is as follows, under catalysis by chalcone synthase, KP is synthesized by 4-coumaroyl-CoA condensation with tripropionyl-CoA to produce naringenin chalcone (1) . Subsequently, naringenin chalcone is transformed into a flavanone called naringenin, which is then hydroxylated by flavanone 3-dioxygenase to produce dihydrokaempferol (2) . Finally, by introduction of a double bond at the C2-C3 position in the dihydrokaempferol skeleton, KP is generated.
KP is a natural flavonol-type flavonoid and can be be isolated from tea as well as numerous common vegetables and fruits, including beans, broccoli, cabbage, gooseberries, grapes, kale, strawberries, tomatoes, citrus fruits, brussel sprouts, apples and grapefruit (3) . It has also been identified in different medicinal plants, including Equisetum spp, Sophora japonica, Ginkgo bilobaEuphorbia pekinensis (Rupr.) (3) . The most well-known properties of KP are its anti-inflammatory effects. KP has been demonstrated to have beneficial effects on chronic inflammatory diseases, including intervertebral disc (IVD) degeneration, post-menopausal bone loss and colitis, and acute inflammatory diseases, including acute lung injury (ALI). The second most important feature of KP is the prevention of cancer. Its anti-cancer role has been demonstrated in esophageal cancer, breast cancer, cervical cancer, hepatocellular carcinoma (HCC), ovarian cancer, gastric cancer (GC), non-small cell lung cancer (NSCLC), leukemia, cholangiocarcinoma (CCA), pancreatic cancer, bladder cancer and osteosarcoma, as well as benign conditions, e.g. uterine fibroids. However, the detailed mechanisms of action of KP against numerous cancer types, as well as its role in improving liver injury, obesity, diabetes and symptoms of metabolic syndrome, have remained elusive. KP may also inhibit vascular endothelial inflammation, preserve the function of the heart, protect the cranial nerve and treat fibroproliferative disorders, including hypertrophic scar (HPS) (Fig. 1) .
As a non-toxic, low price dietary ingredient, KP has a very large economic value. As one of flavonoids, it can be extracted from plants. An economic and low cost method for KP preparation is enzymatic hydrolysis, using two KP glycosides in tea seed (4) . Additionally, supercritical fluid extraction is also a method for rapidly extracting natural biologically active compounds from plant materials (5) . Although poor bioavailability epitomizes a major obstacle, nanotechnology has emerged as a promising means to overcoming this problem (6) .
The present review summarizes the role of KP in disease and the current controversy surrounding KP treatment. The aim of this review is to provide evidence for the application of KP in human diseases in the future.
Anti-inflammatory effects
In vascular tissues, inflammation is an important biological response, as it reflects tissue damage (7) , which is caused by different pathogens, irritants or cell damage (8) . KP is a common type of dietary flavonoid with anti-oxidative and anti-inflammatory properties. Studies also indicated that KP decreased lipopolysaccharide (LPS)-induced tumor necrosis factor-α (TNF-α) and interleukin-1 (IL-1) expression by increasing the number of activated macrophages; suppression of TNF-α mediates the translocation of NF-κB p65 to the nucleus (9) . As inflammation may be classified as acute or chronic, the inflammatory diseases in different categories were discussed separately to understand the role of KP in inflammatory diseases ( Fig. 1 ).
Chronic inflammation KP slows IVD degeneration. IVDs are composed of the nucleus pulposus, the annulus fibrosus and cartilage endplates (10) , and IVD degeneration has been considered an irreversible process when cell viability decreases, type II collagen is synthesized and the nucleus pulposus is dehydrated (11) . Zhu et al (11) demonstrated that KP inhibits LPS-induced apoptosis by inhibiting LPS-induced decreases in the levels of chondrogenic markers which means chondrogenic markers SOX-9, Collagen II and Aggrecan, and reducing the level of matrix-degrading enzymes. In addition, KP also inhibited the expression of lipid anabolism-associated genes. The role of KP in maximally reducing inflammation has also been experimentally validated, as it reduced the levels of pro-inflammatory cytokines and increased anti-inflammatory cytokines, including IL-10, by inhibiting nuclear transcription factors. The above results indicate that KP may be used as a novel treatment for IVD degeneration.
KP may prevent osteoarthritis (OA). OA is the major cause of physical disability with chronic pain (12) , which is characterized by the progressive degeneration of articular cartilage along with the depletion of the cartilage matrix (13) . It is estimated that ~27 million American adults and 8.5 million British adults are diagnosed with OA. The incidence increases with age, with 33.6% of adults aged 65 being diagnosed with OA (14, 15) . The progression of OA is closely linked to the overexpression of pro-inflammatory mediators. Numerous studies have suggested that the first-line treatment strategy for OA is the attenuation of IL-1β-stimulated inflammatory mediators (15) .
Increased nitric oxide (NO) formation and prostaglandin E2 (PGE2) expression may be major contributors to the development of OA (16) and various studies have documented that stimulation of IL-1β may potentially increase the expression of cyclooxygenase-2 (Cox-2) and inducible NO synthase (iNOS) (17) . The NF-κB signaling pathway is thought to be associated with IL-1β-stimulated OA.
In IL-1β-stimulated rat chondrocytes as a model of OA, KP caused a reduction in the IL-1β-stimulated formation of PGE2 and NO in a KP concentration-dependent manner, and also upregulated the expression of iNOS and Cox-2. The results suggest that KP has significant anti-inflammatory and anti-arthritis effects by inhibiting the NF-κB signaling pathway, suggesting that KP may be a novel active therapeutic agent, which may prevent or retard the progression of OA (17) .
KP suppresses inflammation in colitis.
Ulcerative colitis (UC) is an intractable disease in its chronic persistent form. Park et al (18) have demonstrated that the pathogenesis of UC is associated with an imbalance between pro-inflammatory cytokines and anti-inflammatory cytokines due to activation of the phosphatidylinositol 3-kinase (PI3K)/Akt and NF-κB signaling pathways that promote pro-inflammatory cytokine expression and secretion.
KP ameliorates mastitis.
Mastitis is inflammation of the breast and has the following symptoms: Redness, swelling, pain and warmth, and is classified as non-puerperal mastitis or puerperal mastitis. The incidence rate in lactating women ranges from 10 to 20% (19) . Previous studies have indicated that angiopoietin-like protein 2 (ANGPTL2), which is expressed in adipose tissue, the stomach, skeletal muscle, the heart, the intestines and the uterus, is a decisive factor in mediating acute and chronic inflammation of adipose tissue and in obesity. Therefore, ANGPTL2 may be a beneficial pharmacological target for the treatment of mastitis. Xiao et al (20) reported that treatment with KP may prevent the development of mastitis and decrease myeloperoxidase (MPO), IL-6, TNF-α and ANGPTL2 expression. These results suggest that KP modulates the expression of ANGPTL2 to ameliorate mastitis. (RA) . RA is a heterogeneous, chronic and systemic autoimmune disease characterized by chronic inflammation (21) . Elevated levels of matrix metalloproteinases (MMPs) are important markers in patients with RA, and MMP expression is associated with FLS migration and invasion in RA.
KP inhibits the migration and invasion of fibroblast-like synoviocytes (FLS) in rheumatoid arthritis
Pan et al (22) demonstrated that KP further inhibited TNF-α-induced mitogen-activated protein kinase (MAPK) activation without affecting TNF-α receptor expression. They also demonstrated that KP may reduce the severity of arthritis in mice with collagen-induced arthritis. These results indicated that KP inhibits the migration and invasion of FLS in RA by blocking MAPK pathway activation without affecting the expression of TNF-α receptors.
In addition, Lee et al (23) indicated that the basic fibroblast growth factor (bFGF) concentration in the synovial fluid of patients with RA was significantly higher than that in patients with OA. bFGF stimulates the proliferation and migration of human FLS by activating the bFGF-FGF receptor 3 (FGFR3)-ribosomal S6 kinase 2 signaling axis and the molecular docking study indicated that KP inhibits FGFR3 activity by binding to the active pocket of the FGFR3 kinase domain.
Acute inflammation KP protects against ALI. Sepsis is a common and serious disease with high morbidity and mortality rates, and is frequently associated with multiple organ dysfunction, particularly acute lung injury (ALI) and acute respiratory distress syndrome (ARDS) (24) . In addition, severe hypotension, abnormal blood coagulation and multiple organ dysfunction caused by sepsis may be major risk factors of ALI development (25) .
There are various therapeutic strategies for ALI, including NO, surfactant and glucocorticoid administration, but none of them reduce the mortality of patients with sepsis-induced ALI/ARDS (11) . The pathophysiological mechanism of ALI/ARDS is thought to be associated with the hyperinduction of cytokines (26) , which together promote the migration of polymorphonuclear neutrophils to the pulmonary interstitial and alveolar spaces to cause inflammatory damage by producing reactive oxygen species (ROS) (27) . Rabha et al (28) demonstrated that KP reduces the plasma levels of the cytokines IL-6, IL-1β and TNF-α, as well as the anti-oxidant enzyme superoxide dismutase (SOD), but did not produce any reduction in the malondialdehyde level and bacterial load.
In addition, the MAPK and NF-κB signaling pathways have two pivotal roles that contribute to the development of LPS-induced ALI (29) . KP may significantly reduce the upregulation of Toll-like receptor 4 (TLR4) and myeloid differentiation factor 88 (MyD88), the phosphorylation level of inhibitor of NF-κB (IκBα) and NF-κB p65, the DNA binding activity of NF-κB p65 and the phosphorylation level of MAPKs (27) . KP may also suppress airway inflammation, e.g. in asthma, through disturbing NF-κB signaling (30) . Airway narrowing is caused by smooth muscle contraction and mucus hypersecretion (31) , and the airway epithelium is a target of inflammatory and physical insults, and an effector of ongoing airway inflammation (32, 33) . The interplay between airway epithelial cells and eosinophils is an essential feature of allergic asthma (30) .
Certain studies have indicated that in the development of allergen-induced severe bronchial asthma, endoplasmic-reticulum (ER) stress and the associated signaling networks are important modulators (34, 35) . KP was proven effective in ameliorating mucus hypersecretion through disturbing the transforming growth factor β (TGF-β)-triggered ER stress signaling of inositol-requiring enzyme 1α/TNF receptor-associated factor 2/c-Jun N-terminal kinase (JNK) in cellular or animal models of allergic asthma (36) .
KP may treat gastric ulcer (GU). One of the most common diseases among average and particularly young individuals is GU in Japan, which has been indicated to be as high as 80-82 people per 100,000 inhabitants. However, the incidence rates in Kuwait, Los Angeles, California, the United States and Mexico are very low (37) . Acute GU may be caused by alcohol, non-steroidal anti-inflammatory drugs and major stress events, including shock, severe burns, trauma and surgery (38) , resulting in severe upper gastrointestinal bleeding (39) . It may also develop as a result of the presence of Helicobacter pylori, decreased blood flow, increased acid secretion and pepsin activity, imbalanced bile salt secretion, and reduced mucus and bicarbonate secretion (40) . The development of GU arises from an imbalance between aggressive and protective factors present in the gastric mucosa (41) .
Several previous studies have demonstrated that pro-inflammatory cytokines, including TNF-α, IL-1β and IL-6, have important roles in the regulation of acute GU induced by ethanol (42) . In addition, ethanol markedly reduces the level of NO required for physiological functions (43) in the gastric mucosa and decelerates the flow of gastric blood (44) . Li et al (45) investigated the protective effects of KP on acute ethanol-induced gastric mucosal injury in mice and the underlying mechanisms. The results indicated that KP may protect the stomach by inhibiting neutrophil accumulation and MPO activity, regulating pro-inflammatory cytokine levels and improving NO production to maintain gastric mucosal glycoprotein levels.
Anti-cancer efficacy
Cancer is primarily characterized by unrestricted cell proliferation. Surgery, radiation therapy and chemotherapy have been proven to be efficacious in the treatment of certain cancer types, but none of these is a panacea. Since cancer cells tend to have a stubborn inclination to mutate or metastasize, and resistance to treatment is common, it is important to identify safe and effective drugs (5) .
KP may exert its anti-cancer effects via several different mechanisms. KP is not only a potent promoter of apoptosis (5) , but may also activate the host's immunity, inhibit tumor blood vessel growth and increase the sensitivity of other anti-cancer drugs.
Arif et al (46) explained that another anti-cancer mechanism of flavonoids is the increase in cellular DNA breakage; furthermore, flavonoids act as pro-oxidants in the presence of transition metal ions, including copper. Flavonoid treatment may make cancer cells more susceptible to copper-induced oxidative DNA breakage. This copper-dependent oxidative cytotoxic mechanism may be a better explanation of the anti-cancer activity and preferential cytotoxicity of dietary phytochemicals, which may be beneficial in the treatment of cancer.
Esophageal cancer. Esophageal cancer is the eighth most common cancer type in the world and the sixth leading cause of cancer-associated death. From a histological perspective, it includes esophageal squamous cell carcinoma and adenocarcinoma (47). However, difference are observed between the two tumors. Esophageal cancer risk factors include smoking and alcohol abuse, while adenocarcinoma is associated with obesity and gastroesophageal reflux disease (48) . It has been indicated that KP is able to inhibit tumor cell proliferation and in vitro clonal formation, and induces G0/G1 phase arrest of tumor cells (49) . Furthermore, KP has a substantial inhibitory effect against tumor glycolysis (49) , and it may upregulate the expression of B-cell lymphoma-2 (Bcl-2) associated X protein (Bax) and other pro-apoptotic genes through the mitochondrial signaling pathway, downregulate Bcl-2 and inhibit the expression of caspase-9. Inhibition of caspase-9 expression further activates caspase-3, triggering a cascade of caspases, which triggers apoptosis (49) . KP can also be applied to the human oesophageal adenocarcinoma cell line. A previous study demonstrated that with flavones treatment, G2/M arrest can be caused through the upregulation of GADD45β and 14-3-3sρ and the downregulation of cyclin B1 at the mRNA and protein levels, and can induce p53-independent mitochondrial-mediated apoptosis through the upregulation of PIG3 and the cleavage of caspase-9 and caspase-3 (50) . These results indicate that KP can be used for the treatment of esophageal cancer.
Breast cancer. Cancer is becoming one of the most malignant diseases in the world, with >12.5 million new cases and 7.5 million deaths per year (51) . Breast cancer is an estrogen-associated cancer type, and its development and progression are mainly linked to the multiple effects of estrogen through the estrogen receptor (52) . Previous studies have indicated that flavonoids may inhibit the growth of breast cancer cells in vitro and in vivo by competing for the estrogen binding site of 17β-estradiol (E2) and the estrogen receptor (53) .
Kim et al (52) reported that KP inhibits breast cancer by suppressing cancer progression induced by triclosan (TCS) and E2 through acting as an antagonist for estrogen receptor and insulin-like growth factor (IGF) 1 receptor signaling. It has been suggested that KP-3-O-rhamnoside triggers cell death intrinsically in MCF-7 cells via the mitochondrial caspase-9 signaling pathway and activation of poly ADP-ribose polymerase (PARP) (54) . These results demonstrate that KP has an anti-cancer effect to antagonize the pro-cancer activity of E2 or TCS (52).
Li et al (55) reported that KP inhibited the invasion of breast cancer cells by blocking the protein kinase C (PKC)/MAPK/activator protein-1AP-1 cascade, and the subsequent expression and activity of MMPs; it also inhibited TCS-induced MCF-7 breast cancer cells. Yi et al (56) obtained similar results, as incubation of MCF-7 cells with 40 and 80 µM KP for 24 h resulted in numerous cells that possessed smaller nuclei with chromatin condensation and perinuclear apoptotic bodies. It was indicated that 40 and 80 µM KP may induce PARP cleavage in a dose-dependent manner.
By analyzing the effects of KP on apoptosis and DNA damage, Zhu et al (57) revealed that it effectively inhibited the proliferation of the triple-negative breast cancer cell line malondialdehyde (MDA)-MB-231; this effect was stronger in MDA-MB-231 cells than in the estrogen receptor-positive BT474 cell line. These results indicated that KP may be a potential drug for the effective treatment of breast cancer.
Cervical cancer. Cervical cancer ranks as the fourth most frequently diagnosed cancer and the fourth leading cause of cancer death in women, with an estimated 570,000 cases and 311,000 deaths in 2018, worldwide. Cases are concentrated in Sub-Saharan Africa and South-Eastern Asia (58) .
Kashafi et al (59) indicated that KP decreased cell viability in a concentration-and time-dependent manner. They demonstrated that after incubation with KP, telomerase and the PI3K/AKT signaling pathway were inhibited, and apoptosis was induced via p53 and Bax/Bcl-2 in HeLa cervical cancer cells in a time-and concentration-dependent manner, whereas this was not observed in normal cells. There was no significant toxic effect, which is a key advantage in the treatment of cervical cancer.
HCC. HCC is the most common type of primary liver cancer (60) . Early treatment for HCC is transplantation, surgical resection or local ablation (61) . An important cause of HCC development is angiogenesis and the RAF kinase/MAPK kinase (MEK)/MAPK signaling pathway that regulates cell proliferation (62) . Other developmental factors in HCC are increased cell proliferation and limited blood supply. Hypoxia-inducible factor-1 is a key component of adaptation to oxygen deprivation (63) . At present, due to its anti-tumor properties, KP has been proposed as a potential agent for HCC treatment and activation of the ER stress-CCAAT/enhancer-binding protein homologous protein (CHOP) signaling pathway may be one of the molecular mechanisms of KP-induced hepatocellular apoptosis (60). Mylonis et al (64) demonstrated that KP reduces the survival of liver cancer cells more effectively under hypoxic conditions. Seydi et al (65) reported that KP induces selective cytotoxicity on hepatocytes in HCC in a dose-and time-dependent manner, and also increases the activation of caspase-3. Of note, KP is not toxic to healthy liver cells and mitochondria. Therefore, KP is a good candidate for supplemental anti-HCC treatment.
Ovarian cancer. It was estimated that in 2010, almost 850 females in the US died from ovarian cancer, accounting for 5% of total cancer-associated mortalities in females (66) . The key approach to the prevention of ovarian cancer is based on environmental factors rather than genetic backgrounds (66) .
Numerous studies have demonstrated that several types of cancer cell, including ovarian cancer, pancreatic cancer, gliomas, malignant melanoma and neuroblastoma, are TNF-related apoptosis-inducing ligand (TRAIL) resistant (67) . Increased expression of anti-apoptotic proteins, including X-linked inhibitor of apoptosis protein, Bcl-2 and decoy receptors, have been associated with TRAIL resistance (68) . Furthermore, identifying TRAIL sensitizers is crucial in cancer therapy, as the NF-κB, PI3K/Akt and MAPK signaling pathways have all been implicated in the resistance to TRAIL-induced apoptosis (67) .
It was demonstrated that KP is able to regulate pro-apoptotic and anti-apoptotic protein expression by inducing apoptosis in A2780/CP70, A2780/WT and OVCAR-3 ovarian cancer cell lines (66) . This result was in line with a study by Zhao et al (69) , which indicated that KP was able to enhance apoptosis and upregulate drought-repressed (DR)4, DR5, CHOP, JNK, ERK1/2, p38 and apoptotic protein expression. RNA silencing experiments indicated the involvement of CHOP in DR5 upregulation and also the contribution of DR5 in KP-enhanced TRAIL-induced apoptosis.
In the cell cycle, checkpoint kinase 2 (Chk2) is a stably expressed serine/threonine kinase and also a tumor suppressor that regulates a variety of essential cellular functions (70) . Mutations and/or deletions in Chk2 are associated with multiple cancer types (70) . Gao et al (71) demonstrated that KP induces cell cycle arrest in G2/M phase via the Chk2/cell division cycle (CDC)25C/cell division control 2 signaling pathway. These results reflect the anti-ovarian cancer properties of KP, which will be a potential option for the treatment of ovarian cancer.
GC. GC is the fourth most common type of malignancy worldwide and ranks second in terms of cancer-associated mortality (72) . Surgery is currently the major treatment. Cytotoxic chemotherapy has proven to be an effective treatment for advanced stages when surgery is not feasible (73) . However, long-term chemotherapy leads to drug resistance and treatment-associated side effects (74) . Therefore, there is a requirement for more effective anti-tumor drugs with fewer side effects.
A previous study indicated that KP effectively inhibits the proliferation of GC cells. They observed that GC cells were arrested in G2/M phase, and the expression levels of cyclin-dependent kinase 1 and CDC25C were decreased after KP treatment. In addition, KP inhibited the ERK1/2 and PI3K/AKT signaling pathways. Therefore, KP may be considered to have potential therapeutic effects in GC.
NSCLC. NSCLC is the leading cause of cancer-associated death worldwide each year and its prognosis is poor (75) . In addition, the major cause of death in patients with lung cancer is the metastasis of lung cancer cells. TGF-β1 is a typical member of the TGF-β superfamily, the function of which is regulated cell proliferation, differentiation, apoptosis and migration (76) . TGF-β1 has been proved to inhibit tumor function, act as a metastasis-inducing agent by inhibiting cell proliferation and promoting apoptosis, and also promote endothelial-to-mesenchymal transition (EMT) in advanced cancers (76) . Jo et al (77) suggested that KP inhibits TGF-β1-induced EMT and cell migration in human lung cancer cells by targeting the phosphorylation of the 3 linker region of SMAD family members, and this pharmacological inhibition may provide an effective barrier to lung cancer progression.
Leukemia. Leukemia occurs in the blood and bone marrow. It develops if blood-forming cells lack the ability to control their growth (75) . Leukemia has various subtypes, including acute lymphocytic leukemia, acute myeloid leukemia, acute promyelocytic leukemia (APL), chronic lymphocytic leukemia and chronic myeloid leukemia (78) . It has been indicated that KP inhibits the growth of human leukemia mast cells by inhibiting DNA repair protein expression in HL-60 human leukemic cells, including p-ataxia telangiectasia mutated, p-ataxia telangiectasia Rad3, BRCA-1, 14-3-3-like protein B, DNA-dependent protein kinase and O-6-methylguanine-DNA methyltransferase (79) .
In APL, fusion between retinoic acid receptor-α and promyelocytic leukemia genes is common (80) . Previous studies indicated that KP increased apoptosis and inhibited telomerase expression (59) . Another study suggested that KP induced apoptosis by inhibiting multidrug resistance protein and increasing the Bax/Bcl-2 ratio; the cytotoxic effect of KP was more pronounced in leukemia cells than in normal human polymorphonuclear leukocytes (81) .
CCA. CCA is the most common biliary malignancy in the world. It has been reported that KP induces apoptosis through regulating Bcl-2 and caspase family proteins (82). Qin et al (83) confirmed that KP markedly reduced the expression of Bcl-2, while it increased the expression of Bax, cell surface death receptor, cleaved-caspase-3, cleaved-caspase-8, cleaved-caspase-9 and cleaved-PARP. In addition, KP was indicated to induce apoptosis via the fas cell surface death receptor death receptor/caspase signaling pathway, and the pan-caspase inhibitor Q-VD-OPH inhibited KP-mediated caspase-3 and PARP activation, as well as KP-induced apoptosis.
Upregulation of MMP2 and MMP9 is also key to the invasion of CCA cells into surrounding tissues. The study by Qin et al (83) indicated that the KP-treated groups had decreased MMP2 expression and increased expression of tissue inhibitor of metalloproteinase 2 (TIMP2), whereas there was no significant change in the expression of MMP9 and TIMP1.
In summary, KP is effective against CCA in vitro and in vivo. Inactivation of the PI3K/AKT signaling pathway and downstream proteins may be the mechanism by which KP exerts its effects against CCA and prevents its progression.
The 5-year survival rate of patients with pancreatic cancer is <1% (84) . Early local tumor spread and progression are the major features of pancreatic cancer (76) .
Key factors in aggressive pancreatic cancer are epidermal growth factor receptor (EGFR) and hepatocyte growth factor receptor (85, 86) . It has been demonstrated that KP is able to reduce EGFR and SRC proto-oncogene expression, as well as the activation of the AKT and ERK1/2 signaling pathways to inhibit the growth and migration of pancreatic cancer cells by blocking EGFR-associated pathways in vitro (87) .
Uterine fibroids. Uterine fibroids are most common in females between 30 and 50 years of age. Uterine fibroids are benign tumors and are considered a hormone-dependent disease, but the exact cause remains elusive (88) . The most common treatment of uterine fibroids is surgical resection, but this affects the health of the patients. Flavonoids have been indicated to have anti-inflammatory and anti-tumor effects, and may be used in the treatment of uterine fibroids (89) .
Li et al (89) indicated that treatment with KP reduces the expression of the estrogen receptor, IGF-1 and vascular endothelial growth factor precursor (VEGF) at the mRNA and protein level by inhibiting the proliferation of human uterine fibroid cells in vitro. However, the effect of KP on the apoptosis of human uterine fibroid cells remains elusive. In the above study, KP effectively reduced the levels of myocardin in uterine fibroids compared to normal uterine smooth muscle. Myocardin expression is the major auxiliary factor of the transcription factor serum response factor, which acts on the differentiation of smooth muscle cells (88) .
Bladder cancer. Bladder cancer is a common type of malignant tumor of the urinary system. Previous evidence has suggested that the methylation of genomic DNA is closely linked to bladder cancer (90) . Therefore, modulating DNA methylation with potent and low toxicity agents is a key strategy to prevent and treat cancer (91, 92) .
DNA methyltransferases (DNMTs) are key enzymes in the regulation of DNA methylation, which mostly relies on the expression of DNMTs. Lee et al (93) indicated that KP promotes the degradation of DNMT3B, which is closely linked to the Ub-proteasome pathway in bladder cancer. A previous study suggested that KP inhibits the activation of the PI3K/Akt signaling pathway through increasing the tumor suppressor phosphatase and tensin homolog in bladder cancer (88) . These results indicate that the downregulation of DNMT3B may be linked to the PI3K/Akt-associated Ub-proteasome signaling pathway. Therefore, a novel DNMT3B inhibitor, including KP, may be considered for bladder cancer, which promotes DNA methylation and downregulates DNMT3B levels by promoting the degradation of its Ub proteasome (90) .
OS. OS is a malignant type of bone tumor and mainly arises from the malignant transformation of mesenchymal cells (94) ; it mostly affects children and young adults (95). Huang et al (96) demonstrated that KP significantly reduced the viability of U-2 OS cells, human osteoblasts and 143B cells, but exerted low cytotoxicity on human fetal osteoblast progenitor and human fetal osteoblastic cells. KP induced tumor cell apoptosis and inhibited tumor cell proliferation through mitochondria-dependent and ER stress signaling pathways. Chen et al (97) indicated that KP decreased the expression of MMP-2, MMP-9 and urokinase plasminogen activator at the protein levels, inhibited the invasion and adhesion of OS cells and the migration of U-2 OS cells in a concentration-dependent manner. These results demonstrated that following KP treatment with 100 µM, the inhibition rate reached >60%.
Application of KP in liver and metabolic diseases
KP protects against hepatotoxicity. As the first organ that metabolizes foreign compounds, the liver is vulnerable to various diseases, including hepatitis, cirrhosis or HCC (98). One of the most common liver diseases caused by drugs is hepatitis induced by anti-tuberculosis (TB) drugs (99) . Drug-induced hepatotoxicity may be due to oxidative stress caused by the production of toxic metabolites or free radicals (100) . The primary pathway of inhibitor of isoniazid (INH) metabolism by N-acetyltransferase 2 generates acetyl-INH. Acetyl-INH undergoes hydrolysis to form acetyl-hydrazine and the nontoxic substance isonicotinic acid, which is oxidized by cytochrome P450 family 2 subfamily E member 1 (CYP2E1) to form reactive acylating hepatotoxins or its breakdown products (99) .
Shih et al (101) demonstrated that KP significantly reduced liver glutathione consumption and prevented an increase of malondialdehyde formation in mice. In addition, KP did not affect the anti-TB effect of INH/rifampicin. Carbon tetrachloride (CCl 4 ) is a xenobiotic, which produces hepatotoxicity in humans and various experimental animals (102) . CCI 4 can be activated by cytochrome P450-dependent monooxygenases to form highly reactive radicals and exhibit DNA damage and lipid peroxidation (103) . In a previous study, a hepatic toxicity model was induced by carbon CCl 4 in mice. CCl 4 induces lipid peroxidation, which causes membrane breakdown of hepatocytes to subsequently release marker enzymes of hepatotoxicity (104) . It has indicated that after KP 3-O-rutinoside and KP 3-O-glucoside treatment, serum total protein levels were increased, induction of serum aspartate aminotransferase serum alkaline phosphatase and liver malondialdehyde levels by CCl 4 was prevented (105) . In addition, glutathione levels were significantly restored, and normal catalase and SOD activities were observed. KP 3-O-rutinoside and KP 3-O-glucoside have protective effects against acute CCl4-induced oxidative liver damage.
KP protects against alcoholic liver injury. Alcoholic liver injury is one of the major health problems in the world, accounting for ~4% of the total global death toll (106) . High alcohol consumption leads to hepatotoxicity associated with oxidative stress due to the promotion of ROS production and reduction of anti-oxidant effects (107) . Studies have indicated that CYP2E1 is an important factor in alcohol-induced liver injury, as it is highly inducible and has a high catalytic activity for alcohol (108) .
Wang et al (107) indicated that KP attenuates the activity and expression of CYP2E1, enhances the protective effect of the anti-oxidant defense system and may thus protect the liver from alcoholic liver injury. KP increased anti-oxidant effects and also reduced ROS production through inhibiting CYP2E1. Although KP was demonstrated to reduce lipid accumulation in non-alcoholic fatty liver disease, its application in clinical treatment of alcoholic liver disease remains to be evaluated (107) . Zhou et al (109) indicated that the protein levels of CYP2E1 in microsomes and mitochondria, heat shock protein 70 (Hsp70) in the cytosol and specificity protein 1 (SP1) in the nucleus and cytosol were reduced in the KP-treated group, and KP also increased the cell viability compared with that in the ethanol-treated group. The study also suggested that the mechanism of the protective effect of KP against ethanol-induced primary hepatocyte injury involved mitochondrial and microsomal CYP2E1, cytosolic Hsp70, and nuclear and cytosolic SP1 (109) .
KP suppresses obesity.
Obesity is a common chronic disease characterized by excessive fat deposits in adipose tissue or other internal organs, including the liver, heart, skeletal muscle and islets (110) . Simple obesity may induce all symptoms of metabolic syndrome, including insulin resistance, nonalcoholic fatty liver, atherosclerosis and degenerative diseases, e.g. dementia (111) .
Experiments have suggested that KP inhibits lipid accumulation and increases fatty acid oxidation signaling in adipocytes. KP reduced cytoplasmic triglyceride accumulation during adipocyte differentiation in a time-and dose-dependent manner. KP broadly reduced the mRNA or protein levels of adipogenic transcription factors and their lipid accumulation-associated target genes, thereby inhibiting glucose uptake and the expression of glucose transporter solute carrier family 4 mRNA in adipocytes (112) .
KP also reduces the accumulation of visceral fat by increasing lipid metabolism through downregulation of sterol regulatory element-binding proteins, and promoting the hepatic expression of acyl-CoA oxidase and CYP450, family 4, subfamily a, polypeptide 1 (113) . (114) reported that KP-mediated downregulation of IκBα and inhibition of NF-κB pathway activation may lead to a reduction in hepatic inflammatory lesions, which may help to improve insulin signaling deficits in patients with diabetes. Chen et al (115) indicated that KP significantly inhibited inflammatory cytokine expression and high glucose-induced ROS production. KP exerted protective effects in diabetic cardiomyopathy by suppressing nuclear translocation of NF-κB and activating NF-erythroid 2 p45-related factor-2.
KP improves diabetes. Luo et al
In addition, KP may protect β-cells from glucose toxicity and mediate anti-apoptotic effects by improving cyclic adenosine monophosphate (cAMP)/protein kinase A and PI3K/Akt signaling pathways. Zhang and Liu (116) indicated that KP treatment promoted cell viability, inhibited apoptosis and reduced caspase-3 activity in β-cells and human islets chronically exposed to hyperglycemic conditions. Furthermore, diabetes mellitus has been indicated to increase the susceptibility of the myocardium to ischemia-reperfusion (I/R) injury. It has been demonstrated that advanced glycation end products (AGE) take part in the pathogenesis of diabetic complications in various organs, including the heart (117). Suchal et al (118) indicated that KP is involved in maintaining hemodynamic function, inhibiting AGE-receptor axis activation, normalizing oxidative stress and maintaining morphological changes. Their results suggested that diabetic I/R group significantly reduced arterial pressure and heart rate. Additionally, ventricular dysfunction was exhibited through decreasing ventricular and relaxation and increasing preload. The levels of inflammatory markers, including TNF-α, IL-6 and NF-κB, were decreased, and that the activity of JNK, p38 and ERK1/2 was inhibited. For a period of 28 days, KP significantly suppressed the activation of AGEs-RAGE, which is the receptor of AGE. Furthermore, KP inhibited apoptosis by reducing the expression of pro-apoptotic proteins, including Bax and caspase-3, decreasing the expression of pro-apoptotic protein and terminal deoxynucleotidyl transferase dUTP nick end labeling positive cells and increasing the expression of Bcl-2. In conclusion, KP significantly ameliorated IR-induced myocardial injury via the normalization of hemodynamic parameters, maintaining oxidant antioxidant status, reducing inflammation and apoptosis and by inhibiting the MAPK/AGE-RAGE pathways.
Alkhalidy et al (119) reported that KP treatment increased Akt and hexokinase activity, while decreasing pyruvate carboxylase (PC) and glucose-6 phosphatase activity in the liver without altering the protein expression. At the same time, KP reduced PC activity and inhibited gluconeogenesis of HepG2 hepatoblastoma cells and primary hepatocytes isolated from the liver of obese mice.
Another noteworthy point is that KP is able to alleviate diabetic neuropathic pain. Kishore et al (120) indicated that KP corrected hyperglycemia in diabetic rats and partially reversed pain responses by regulating oxidative and nitrosative stress, and reducing AGE formation in diabetic rats. These results indicate that KP may be a naturally occurring anti-diabetic compound and may be applied to help treat diabetic neuropathic pain.
KP ameliorates symptoms of metabolic syndrome. Metabolic syndrome is a complex disease, and the risk of cardiovascular disease and type 2 diabetes is significantly increased in patients with metabolic syndrome (99) . It has been suggested that one possible way to prevent and ameliorate these complex symptoms is to activate the liver X receptor (LXR), which was identified as a transcription factor that regulates hepatic gluconeogenesis (121) .
Chang et al (113) demonstrated that KP directly interacts with LXR-α and LXR-β proteins. In obese apolipoprotein E (ApoE)-deficient mice fed a high-fat diet, administration of KP significantly reduced plasma glucose and triglyceride levels, increased high-density lipoprotein cholesterol levels, and improved insulin sensitivity and glucose tolerance. Furthermore, KP did not induce hepatic steatosis, as it inhibited post-translational activation of the precursor forms of sterol regulatory element-binding protein-1 (pSREBP-1) to form the nuclear isoform of SREBP-1. Selective activation of LXR-β, whose expression level is low in the liver, may contribute to the avoidance of hepatic lipogenesis.
In conclusion, KP independently regulates LXR-β and peroxisome proliferator-activated receptor α, and improves the overall metabolic status. These results may contribute to the treatment of metabolic syndrome (122).
KP protects the vascular endothelium
KP inhibits vascular endothelial inflammation. The vascular endothelium may be considered a dynamic barrier that selectively inhibits the movement of plasma and cells from the blood into adjacent tissues (123) . Inhibition of vascular endothelial inflammation is considered a key point in the treatment of numerous vascular diseases, as excessively produced inflammatory mediators may cause irreversible vascular damage and lead to excessive loss of fluid from the circulation, resulting in insufficient tissue perfusion, organ dysfunction and death (123) .
Kim et al (124) reported that KP inhibited the pro-inflammatory response, which was mediated by LPS or high mobility group box 1 (HMGB1) by increasing barrier integrity and inhibiting the expression of cell adhesion molecules. Therefore, the anti-inflammatory properties of KP are considered to be based on downregulation of the HMGB1 receptors TLR2 and TLR4, and this may have a beneficial effect in the treatment of vascular diseases.
KP inhibits vascular smooth muscle cell (VSMC) migration.
VSMCs retain the ability to switch between differentiated and dedifferentiated phenotypes, in response to environmental conditions including growth factor stimulation or vascular injury (123) . TGF-β and bone morphogenetic protein (BMP)4 are important factors that inhibit VSMC proliferation and migration, increase the expression of contractile VSMC gene and promote the contractile phenotype (125) . This phenotype may be switched to another phenotype via the platelet-derived growth factor (PDGF) signaling pathway (126) . PDGF may lead to resistance to TGF-β and BMP signaling and promote the synthetic phenotype.
Kim et al (127) indicated that KP may activate the BMP signaling pathway, induce microRNA (miR)-21 expression and downregulate dedicator of cytokinesis 4 (DOCK4), DOCK5 and DOCK7, thereby inhibiting cell migration and antagonizing PDGF-mediated migration. KP may be considered a potential therapeutic for cardiovascular diseases, as it inhibits VSMC migration by modulating BMP-mediated miR-21 expression and miR regulation.
KP prevents atherosclerosis.
Atherosclerotic cardiovascular disease is one of the leading causes of mortality worldwide (128) . Endothelial cells, macrophages and smooth muscle cells are the major cell types involved in atherosclerosis (129) .
Osteopontin (OPN) together with its CD44 is generally considered to be a key molecule in atherosclerosis (130) . Xiao et al (131) performed analysis of the aorta and plasma from C57BL/6J control and ApoE-deficient mice treated with or without KP. This aforementioned study reported that, prior to the experiment, the expression of OPN and CD44, the production of aortic ROS and the area of atherosclerotic lesions were higher compared with the control group in the ApoE-deficient mice with KP. For 4 weeks, KP significantly reduced atherosclerotic lesion formation compared with mice treated with vehicle, restored vasodilatation in response to acetylcholine, enhanced the Emax value and reduced the EC50 value. The plasma level of OPN and the expression of aortic OPN and CD44 were decreased. Therefore, KP regulated the OPN-CD44 pathway to inhibit atherosclerosis in the ApoE-deficient mouse aorta.
In addition, elevated plasma low-density lipoprotein (LDL) cholesterol levels were identified to be a risk factor for atherosclerosis and coronary heart disease (132). Ochiai et al (128) demonstrated that flavonoids stimulate the activity of Sp1 by phosphorylating Thr-453 and Thr-739 on ERK1/2, thereby increasing the DNA binding of Sp1 to the promoter region of the low-density lipoprotein receptor gene.
Che et al (133) also reported that KP alleviated oxidized (ox)-LDL-induced apoptosis. KP increased the ratio of microtubule-associated protein 1 light chain 3α and beclin-1 levels in ox-LDL-induced human umbilical vein endothelial cells (HUVECs). Furthermore, the expression of phosphorylated (p-)Akt and p-mammalian target of rapamycin (p-mTOR) was downregulated. The effect of KP on cell viability and apoptosis was also reduced by insulin in ox-LDL-induced HUVECs. From these results, it may be concluded that KP attenuates ox-LDL-induced apoptosis by upregulating autophagy through the PI3K/Akt/mTOR signaling pathway in human endothelial cells.
KP inhibits thrombosis and platelet activation.
High-risk cerebrovascular disease is mainly caused by abnormal blood vessel thrombosis after hemostasis, which may include fibrinolytic system dysfunction caused by abnormal fibrinolytic factors, e.g. plasmin and plasminogen activator, and thrombosis induced by an imbalance of coagulation factors (134) . A thrombus composed of an insoluble fibrin polymer is formed by activating thrombin, which in turn converts fibrinogen to fibrin and factor XIIIa (135) .
KP has been demonstrated to inhibit procoagulant activity and the interaction between fibrinogen and thrombin by inhibiting ERK, serine protease p38, JNK and Akt activation. In addition, platelet activation is a major event in acute vascular thrombosis. Therefore, another treatment strategy is to prevent enhanced platelet activation (136) . ROS generated after collagen stimulation is associated with various platelet activation events, including phospholipase Cγ2 activation, cytosolic calcium elevation, integrin-α and -β activation and granule release (137) . Wang et al (138) indicated that KP inhibits collagen-induced triphosphopyridine nucleotide oxidase activation and potently suppresses the tyrosine phosphorylation-based glycoprotein VI signaling pathway by preventing oxidative inactivation of SH2-containing phosphatase 2, and then attenuates collagen-induced platelet aggregation and platelet-dependent thrombosis.
KP suppresses angiogenesis of human retinal endothelial cells (HRECs) under high-glucose conditions.
Diabetic retinopathy (DR) is a common microvascular complication of diabetes, which is also the most likely cause of blindness in developed countries (139) . Retinal neovascularization is seen as an essential factor in the pathogenesis of DR (140) . VEGF may stimulate vasculogenesis and angiogenesis. In the aqueous humor of patients with DR and in endothelial cells exposed to high glucose, the levels of VEGF were determined to be increased (141, 142) . It has been demonstrated that the expression of thrombospondin 1 and metallopeptidases with TSP type 1 motif (ADAM), which are endogenous inhibitors of angiogenesis, may have an important role in diabetes-associated retinal vascular homeostasis and vascular dysregulation (143) .
Wu et al (144) reported that high glucose significantly promoted the proliferation, migration and tube formation of HRECs, which was antagonized by 10 and 30 mM KP in a dose-dependent manner. They indicated that the expression levels of TSP-1 and ADAM mRNA increased following treatment with 30 mM KP, while TSP-1 and ADAM levels did not differ between high-glucose and normal (5 mM) glucose conditions. Xu et al (145) also demonstrated that high glucose increased the mRNA expression levels of VEGF and placental growth factor (PGF), and that the concentration of secreted VEGF and PGF from HRECs increased. Chin et al (146) also indicated that KP significantly reduced VEGF-stimulated HUVEC proliferation. These results indicate that in VEGF-stimulated ECs, KP may exert angiogenic inhibition through regulation of VEGF/VEGF receptor 2 and its downstream signaling cascades (PI3K/AKT, MEK and ERK).
KP protects heart function
K P protects against doxorubicin (DOX) -induced cardiotoxicity. DOX is an anthracycline and is one of the most widely used anti-tumor drugs with potent activity. However, it may induce cardiotoxicity, which may cause cardiomyopathy or even severe heart failure (147) . The mechanism of DOX-induced cardiomyocyte apoptosis has been extensively studied (148) and apoptosis is thought to start with two typical signaling pathways, one intrinsic and one extrinsic (149). Xiao et al (149) suggested that KP may have a role in inhibiting tumor suppressor proteins, protects against DNA damage with p53-mediated mitochondria-dependent intrinsic apoptotic signaling and participates in the ERK-dependent MAPK signaling pathway.
KP protects against cardiac sinus node dysfunction (SND).
The normal heartbeat begins with the sinus node cells in the right atrium (150) . The electrical pulse in this conduction process is generated based on the Ca 2+ signal transduction pathway (151) . Calmodulin kinase II (CaMKII) is a key signaling molecule in pacing cardiomyocytes and regulates major Ca 2+ homeostasis proteins (152) . In addition, after its oxidation, overactivated CaMKII promotes cell death, which may lead to arrhythmias, heart failure and sudden death (153) .
An and Kim (15) indicated that KP protects the sinus node from angiotensin II (Ang II)-induced SND. Their results suggested that Ang II induced caspase-3-activated apoptosis in sinus node cells, and reduced CaMKII oxidation and death of sinoatrial node cells; KP maintained normal impulse formation in the right atrium. These results suggest that KP may hold value in the prevention of SND in high-risk patients and protection of the sinoatrial node by inhibiting CaMKII oxidation.
KP attenuates cardiac hypertrophy. Cardiac hypertrophy is a common disease that causes heart dysfunction and various cardiovascular diseases as the size and shape of the heart change (154) . The MAPK signaling pathway is frequently overactivated in pathological cardiac hypertrophy (155) . When the MAPK signaling cascade is activated, its members phosphorylate various downstream signal targets, thereby enhancing cardiac hypertrophy (155) .
Feng et al (156) indicated that KP significantly attenuated aortic banding-induced cardiac hypertrophy, which led to a decreased myocardial cell area and interstitial fibrosis. KP inhibited the activity of the apoptotic signal-regulating kinase 1 (ASK1)/JNK1/JNK2/p38 signaling pathway and the proliferation of H9c2 cardiomyocytes. It may be concluded that KP is able to prevent cardiac hypertrophy, and it may exert its role through the regulation of the ASK1/MAPK signaling pathway and oxidative stress.
Another factor that induces cardiac hypertrophy may be Ang II (157) and the mechanism that promotes Ang II-induced cardiac fibrosis is EMT. Zeisberg et al (158) reported that the endothelocytes were transformed into fibroblasts by EMT during the development of myocardial fibrosis in mice. Liu et al (159) indicated that, although KP did not have a fundamental role, it reduced Ang II infusion or TGF-β-induced EMT, and inhibited the proliferation and activation of cardiac fibroblasts in vivo as well as in vitro.
KP attenuates myocardial I/R injury. Cardiovascular diseases are responsible for the majority of mortalities in the elderly and the most important presentation of cardiovascular disease is ischemia (160) . Restoring the blood supply to the ischemic myocardium may reduce myocardial damage, but may also cause damage or even aggravate myocardial damage, known as I/R injury (161) .
Suchal et al (162) demonstrated that the major cause of damage was the production of ROS and calcium overload (163) .
Recent evidence suggested that mitochondrial protection has an important role in guiding apoptosis (164) . Khader et al (165) demonstrated that sirtuin1 activation reduced oxidative stress and maintained mitochondrial function in different tissue and cell types after I/R. Suchal et al (162) also indicated that KP attenuated myocardial I/R injury by reducing MAPK signaling-induced oxidative stress and inflammation. Guo et al (164) obtained a similar result, namely that KP protected cardiomyocytes by inhibiting the MAPK pathway, with the effects including a decrease in the production of ROS, maintenance of the mitochondrial membrane potential, inhibition of mitochondrial membrane transition (mPTP) opening and reduction of cytochrome C release.
In addition, Zhou et al (166) suggested that glycogen synthase kinase-3 (GSK-3)β inhibition delays or suppresses mPTP opening and inhibits the release of cytochrome C. They indicated that KP decreased apoptosis induced by I/R injury via GSK-3β inhibition. KP or thiadiazolidinone-8 increased the level of GSK-3β phosphorylation and reduced the release of cytochrome C compared with the control and I/R groups.
KP protects the cranial nerve
Protective effect of KP in neurodegenerative diseases. The pathophysiology of neurodegenerative diseases is complex and may be partially characterized by oxidative stress, which is generally thought to have a key role in nerve damage (167) . Previous studies have indicated that ROS is involved in neurodegenerative diseases and that they are produced in high concentrations due to oxidative metabolism in the brain (168) . Under normal conditions, the generation and elimination of ROS are in a dynamic balance (169) . However, if the balance is destroyed, the level of ROS increases due to the decreased activity of anti-oxidant enzymes, which impairs the brain function, particularly in the hippocampus.
Lei et al (167) indicated that KP obviously reduces cognitive impairment via upregulating the expression of proteins in the ERK1/2-cAMP-responsive element-binding protein (CREB) signaling pathway; KP may also enhance Na + /K + -ATPase activity and reduce hippocampal oxidative stress. In addition, an increase in the number of hydroxyl groups in the flavonol B ring also contributes to the upregulation of the expression of proteins from the ERK1/2-CREB signaling pathway in the hippocampus of mice with D-gal-induced cognitive impairment.
KP has anti-depressant activities. Chronic stress is thought to be a risk factor for psychosomatic and psychiatric illnesses, including anxiety and depressive disorders (170) . Depression is the second most common chronic condition in clinical medicine (171) and it is predicted that by 2020, depression will become the second leading cause of premature death or disability worldwide.
Park et al (172) used the tail suspension test (TST), the forced swimming test (FST) and the rota-rod test in mice who were stressed due to the chronic use of restraints or immobilization to measure the anti-depressant activities of KP. Mice in the experiment were orally administered KP or quercetin at a dose of 30 mg/kg/day for 14 days while being tested. The final experimental results suggested that KP or quercetin obviously reduced the immobility time in the TST and FST, indicating that flavonoids have potent anti-depressant effects.
KP has neuroprotective effects in Parkinson's disease (PD).
PD is the second most common disorder of the central nervous system (173) . Its pathological features are the loss of dopaminergic neurons and the formation of cytoplasmic inclusions in the substantia nigra (SN). When PD is present, ~80% of striatal dopamine is lost and damage to the terminal region may preempt the loss of cell bodies in SN (174) .
Han et al (175) hypothesized that inflammasomes are associated with immune homeostasis and their dysregulation leads to neurodegenerative disorders. The NLR family pyrin domain containing 3 (NLRP3) inflammasome is involved in PD. KP inhibits NLRP3 inflammasome activation, leading to reduced NLRP3 protein expression and deactivation of the NLRP3 inflammasome in order to promote macroautophagy/ autophagy in microglia.
Li and Pu (176) indicated that pre-intake of KP markedly improved 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)-induced dopamine and dihydroxy-phenyl acetic acid (DOPAC) depletion in the striatum, and also reduced the DOPAC/dopamine ratio and the MPTP-induced loss of tyrosine hydroxylase-positive neurons in mouse SN. KP has a neuroprotective effect in mice with MPTP-induced PD, which may contribute to its anti-oxidant capacity to scavenge free radicals and lead to the survival of more dopamine neurons.
In previous studies, KP 3-O-rutinoside and anhydrosafflor yellow B, as the compounds isolated from SSFE, a standardized safflower flavonoid extract, have been demonstrated to reduce the levels of ROS, which are induced by hydrogen peroxide and restore tyrosine hydroxylase activity in PC12 cells (177) . Ren et al (178) indicated that KP 3-O-rutinoside and dehydrin flavonoid B inhibited microtubule instability and reduced the cell volume. In addition, SSFE, in the form of pills, may inhibit astrocyte proliferation and improve the neurological behavior in a 6-hydroxydopamine (6-OHDA)-induced PD rat model. In a study using a magnetic resonance imaging-based, tracer-based approach, 6-OHDA was indicated to alter diffusion parameters of endothelial cells, including reduced bowing and clearance rate constants and increased elimination half-life of the tracer in the SN with 6-OHDA-induced lesions. These results indicated that flavonoids may be potential anti-PD medicines.
KP prevents Alzheimer's disease (AD). Studies have indicated that the abnormal production of various proteins and high concentrations of glutamate may lead to excessive ROS production in cells, resulting in neurotoxicity and neuronal death (179) . Yang et al (180) examined the neuroprotective effects of KP in glutamate-treated HT22 hippocampal neuronal cells. Lactate dehydrogenase assays and fluorescein-5-isothiocyanate-connexin V/propidium iodide double staining procedures were subsequently used to confirm the protective effect of KP on HT22 cells. These results also indicated that KP protects nerves by regulating the expression levels of apoptosis-associated proteins, including Bcl-2, Bid, apoptosis-inducing factor and MAPK.
AD is characterized by the accumulation and deposition of β-amyloid peptides, leading to progressive neuronal damage and cell loss. Among several hypotheses, oxidative stress may be a mechanism that leads to neurodegeneration. To date, there is no cure for AD, but the use of natural anti-oxidants may delay the pathogenesis of the disease. These results suggest that KP may serve as a useful drug for the prevention and treatment of neurodegenerative diseases, including AD.
KP inhibits ischemic stroke. Ischemic stroke is a clinical syndrome characterized by the rapid onset of neurological deficits, mostly caused by arterial occlusion. The brain is particularly susceptible to ischemic injury due to its high metabolic requirement (181) .
It is reported that the process of ischemic brain injury may include LPS binding to TLR4, causing microglia to be activated by TLR2 and TLR4, followed by release of pro-inflammatory factors from the TLR4/MyD88 signaling pathway and produce further damage (182) . The function of blood-brain barrier (BBB) is to keep harmful substances in the blood from being transported into the brain. One of the most prominent causes of brain damage is BBB decomposition and neuroinflammation, and therefore, the key to protecting the nerve is the maintenance of anti-neuritis processes and BBB integrity (183) .
Cheng et al (184) indicated that KP reduces the production of various pro-inflammatory and inflammatory proteins in brain tissue, including IL-1, iNOS, COX-2, TNF-α, MCP-1 and IL-1β. In addition, KP protected BBB integrity in the mouse brain and increased BBB-associated proteins (occludin-1, claudin-1 and connexin43). KP also significantly reduced HMGB1 levels and inhibited the expression of components of the TLR4/MyD88 inflammatory pathway at the transcriptional and translational levels.
Mitochondrial dysfunction is a factor associated with ischemic stroke. Wu et al (185) indicated that KP protected neurons from ischemic injury by inhibiting mitochondrial fission and maintaining mitochondrial hexokinase II (HK-II). KP promoted mitochondrial binding of HK-II by inhibiting actin-related protein 1 (Drp1) activation, which was dependent on Akt. Furthermore, they demonstrated that KP enhanced autophagy during oxygen and glucose deprivation. In vivo, oral administration of KP resulted in a reduced infarct volume in mice after I/R injury and exerted an effect similar to mitochondrial protection in the infarcted area, indicating an association between succinic acid accumulation and I/R injury-induced nerve meta-mitochondrial dysfunction, and suggesting that modulation of Drp1 phosphorylation is a potential strategy for protecting neuronal mitochondrial integrity and treating ischemic stroke.
KP for fibroproliferative disorders
HPS is a complex dermal fibroproliferative disorder (185) , which generally occurs after burns, trauma or surgery, and is linked to excessive wound healing (186) . In HPS, myofibroblasts cause scar contraction, which may cause dysfunction of the affected body parts and even disability (187) . Therefore, the major cause of HPS formation is excessive development and hyperfunction of scar-forming fibroblasts (188) .
Li et al (189) discovered that KP obviously inhibited HPS formation in a mechanically induced mouse model, and the biological activity of KP was induced by selective binding of KP to TGF-β1. Kinase binding assays indicated competitive binding of KP to the ATP binding site of TGF-β1. Western blot analysis further revealed that KP caused downregulation of SMAD2 and -3 phosphorylation in a dose-dependent manner. The bioactivity of KP, which resulted from the inhibition of TGF-β1/SMADs signaling, was induced by the selective binding of KP to TGF-β receptor type I. These results suggested that KP may be a promising treatment for fibro-proliferative diseases including HPS, and even liver fibrosis, pulmonary fibrosis and myocardial fibrosis, which are highly associated with the TGF-β1/SMADs signaling pathway.
Conclusion
Flavonoids have been widely recognized for their effective anti-inflammatory and anti-oxidant properties. The major signaling pathways via which KP exerts its effects in various diseases are summarized in Fig. 2 .
The flavonoid ring structure is a structure necessary for mutagenic activity, and this activity may depend on characteristics including the degree of hydroxylation structural features and the production of ROS (190) . It may be hypothesized that the major role of KP is to regulate the expression of genes involved in inflammation, including the inhibition of transcription factors. MAPK, PKC, PI3K, Janus kinase signaling and transcriptional activator pathways are involved in the development of inflammation. These kinases have roles in the regulation of the expression and activity of transcription factors, including NF-κB and AP-1 (191) . PI3K is an important mediator in the inflammatory signaling cascade, and KP and 8-prenylkaempferol treatment have been indicated to inhibit PI3K and Akt phosphorylation (192) . In conclusion, KP has therapeutic effects on inflammation-associated diseases, including allergies, arthritis, diabetes, cardiovascular diseases, cancers and neurological regression by inhibiting protein kinases and transcription factors.
Although it has been reported that KP has the highest anti-proliferative effect on the hepatoblastoma cell line, the colon cancer cell line and the melanoma cell line (193) , there is controversy regarding the anti-cancer effect. Studies have indicated that KP represents a double-edged sword in terms of exhibiting cytotoxic and cytoprotective effects. Noroozi et al (194) reported that KP decreased oxidative DNA damage in isolated human lymphocytes and increased cell survival in HT-22 neuronal cells under oxidative stress. However, in the study by Bestwick et al (195) , KP was demonstrated to reduce ROS levels in HL-60 cells at low doses of KP, but the occurrence of single strand breaks was KP concentration-dependent. Thus, despite low initial ROS levels, KP has an adverse effect on DNA integrity. Furthermore, KP-induced DNA damage is highly localized and specific. The cause of DNA damage may be highly localized changes in ROS production. Sahu and Gray (196) hypothesized that HO . formation close to DNA molecules may be the cause of chain breaks, but this is also affected by the environment.
To date, flavonoids have been reported as typical cytotoxic chemotherapeutic agents to treat acute myeloid leukemia by causing DNA damage, which may make abnormal cells more susceptible to therapeutic agents due to an environment with less oxidative stress (197) . Das et al (198) suggested that the flavonoid with the highest affinity for circulating tumor DNA (ct-DNA) is quercetin, followed by myricetin, luteolin and KP; the number and position of -OH moieties influences the binding efficacies of flavonoids to ct-DNA. Therefore, the combination of quercetin and myricetin may cause higher DNA damage, which can be served as a potential anti-cancer agent.
The genotoxicity of KP is mainly due to its pro-oxidative activity in vitro. Cos et al (199) introduced an anti-oxidant selectivity index (ASI), which is the maximal non-toxic dose divided by the IC 50 value, used to assess the toxicity of flavonoids. If the ASI of flavonoids is >100, it may be considered safe and to possess a good anti-oxidant activity profile, but the ASI requires to be further investigated.
Furthermore, KP has poor absorption, particularly regarding oral bioavailability, which is likely due to the limited solubility of flavonoids in water (200) . However, the bioavailability of KP may be increased if combined with different anti-cancer drugs (5) . Regarding its poor absorption, considerations for improving the solubility and bioavailability of KP may be the use of nanocarriers, which increase absorption and enhance anti-free radical stability during consumption and storage of food compounds (6). Qian et al (201) developed a KP nanosuspension, which is produced using high-pressure homogenization technology, to improve pharmacokinetics and absolute bioavailability. Resende et al (202) used poloxamer 407 to prepare a solid dispersion of KP, which ultimately improved the problem of poor water solubility. It has been demonstrated that mechanochemically synthesized complexes of polysaccharides and oligosaccharides can enhance bioavailability, and the supramolecular complexes are more stable and soluble than the individual components (203) . Xu et al (204) indicated that the combination of KP with polysaccharide arabinogalactan and disodium glycyrrhizinate improved the solubility and bioavailability of KP, which may be used as a promising treatment for diabetes.
In addition, whether KP exerts toxicity in a dietary environment remains elusive, and since KP is not the sole active component, it is necessary to consider other active polyphenols in the diet. Although there is little evidence that a natural flavonoid-rich diet is harmful in the body, it may be unwise to propose an enhanced supplemental intake. High doses of KP Figure 2 . Main signaling pathways modulated by KP in various diseases. HCC, hepatocellular carcinoma; VEGF, vascular endothelial growth factor; IVD, intervertebral disc; UC, ulcerative colitis; ALI, acute lung injury; GC, gastric cancer; CCA, cholangiocarcinoma; MAPK, mitogen-activated protein kinase; RA, rheumatoid arthritis; DOX, doxorubicin; KP, kaempferol. may have side effects. For instance, studies have shown that flavonoid compounds are markedly inhibited (3) . H-folic acid uptake, means patients who are deficient in iron and/or folic acid may exhibit abnormal side effects after using KP, as the consumption of KP reduces the bioavailability of iron and/or reduces the level of folic acid in the cells (205) . KP could be incorporated into potential nanoparticles to achieve high targeting efficacy against folate-overexpressing cancerous cells while limiting the potential effects on normal cells (206) .
In conclusion, KP inhibits protein kinases and transcription factors due to its anti-inflammatory and antioxidant properties. However, while protecting cells, cytotoxicity is also exhibited, which is associated with ROS production by the concentration of KP. Therefore, it is necessary to introduce a standard for producing cytotoxicity. Additionally, the oral bioavailability of KP is poor, and most of its current uses are as nanocarriers. The combination of polysaccharides and oligosaccharide complexes can improve bioavailability. In terms of diet, whether KP is toxic requires further investigation as a high intake of KP may cause adverse side effects. Patients with iron and/or folic acid may exhibit abnormal side effects after using KP.
